In the present study, ciprofloxacin-salicylic acid molecular salt has been synthesized and preliminarily characterized by FT-IR spectroscopy. The single crystal X-ray diffraction (SCXRD) reveals the proton transfer from carboxylic acid group of salicylic acid to piperazine moiety in ciprofloxacin confirming the formation of new molecular salt. The molecular packing of the molecular salt is mainly supported by N + -H⋅ ⋅ ⋅ O − , O-H⋅ ⋅ ⋅ O, C-H⋅ ⋅ ⋅ F, C-H⋅ ⋅ ⋅ , and -interactions. The 3D Hirshfeld surfaces and the associated 2D fingerprint plots were investigated for intermolecular hydrogen bonding interactions.
Introduction
In the pharmaceutical industry salt formation is a widely used method to modulate the physicochemical properties of active pharmaceutical ingredients (APIs) [1] . Salts have been shown to modulate the solubility and bioavailability of APIs [2] [3] [4] . An active pharmaceutical salt is a combination of an API with the GRAS (generally regarded as safe by US FDA) listed coformer [5] . A crystal engineering approach in the selection of acid or base for a given drug molecule to make salts or cocrystals is reported in the literature [6, 7] . Hydrochloride salts are the most preferred method to improve the solubility and stability of APIs [1] , but hygroscopicity is a drawback for the hydrochloride salts [8] . Ciprofloxacin (CPF) is a synthetic antibacterial fluoroquinolone related to nalidixic acid having a fluorine atom and piperazine ring at the positions 6 and 7 of quinolone-3-carboxylic acid. It is one of the most active fluoroquinolones with a wide spectrum of biological activity, which is active against both Gram-positive [9] and Gram-negative bacteria [10] . In recent years, CPF has drawn great interest from crystal engineers, due to its tendency to form robust supramolecular architectures with compounds having carboxylic acid functional groups, and also various salts of ciprofloxacin are reported in [11] [12] [13] [14] [15] [16] . Our endeavours in the present study are synthesis of CPF molecular salt with GRAS listed salicylic acid, determination of crystal structure by SCXRD, and investigation of various intra-and intermolecular hydrogen bonding by Hirshfeld surface analysis. The molecular structures of CPF and SA are shown in Figure 1. 
Materials and Methods

Materials.
Ciprofloxacin (purity 98%) and salicylic acid (purity 99%) were purchased from Alfa Aesar, India. Methanol with HPLC grade purity was obtained from Rankem,, India, and used without further purification. Distilled water was used for crystallization.
Synthesis of CPF-SA Molecular
Salt. A 1 : 1 stoichiometric ratio of CPF (33 mg, 0.1 mmol) and SA (13.8 mg, 0.1 mmol) was dissolved in methanol (5 mL) and water (5 mL) mixture at 60 ∘ C for 10 minutes, and the resulting solution is filtered, cooled, and left for slow evaporation at room temperature. Colorless prism shape crystals of CPF-SA salt, suitable for single crystal X-ray analysis, were obtained after 2 days.
Infrared Spectroscopy (FT-IR).
A Bruker Alpha-T Fourier transform infrared spectrophotometer in the spectral range 4000 to 600 cm −1 with resolution of 2 cm −1 was used to record the infrared spectra of the samples with the KBr pellet making technique.
Single Crystal X-Ray Diffraction (SCXRD).
Single crystal X-ray diffraction data was collected at 298 (1) K on Rigaku Mercury diffractometer using a single wavelength Enhance X-ray source with Mo radiation ( = 0.71070Å). The Crystal Clear [17] program was used for data collection and cell refinement. The Crystal Structure [17] program was used for data reduction. The structure was solved by SIR92 [18] program and CRYSTALS [19] program was used for structure refinement. The ORTEP [20] program was used for molecular graphics. All the H positions bound to C atoms were calculated after each cycle of refinement using a riding model C−H = 0.95Å and iso (H) = 1.2 eq (C). All the H atoms bound to N and O atoms were located in different Fourier maps and freely refined. The crystallographic details were summarized in Table 1 .
Theoretical
Calculation. Molecular Hirshfeld surfaces are generated by CrystalExplorer [21] computer program.
Results and Discussion
The CPF-SA molecular salt crystallizes in triclinic space group -1. The crystal structure of CPF-SA molecular salt has one ciprofloxacin cation, one salicylate, and one-half O 2 ( Figure 2 ). The carboxylic acid group of CPF is in unionized state because the C-O and C=O bond distances differ by greater than 0.1Å and are involved in intramolecular hydrogen bonding with the quinolone carbonyl oxygen atom. The carboxylate moiety C-O bond distances are about near equal (difference < 0.03Å). The carboxylic acid group in CPF is planar to the quinolone ring, as evidenced by the torsion angle (C5-C6-C10-O1 = 175.8 ∘ ). A carboxylic acid group in salicylic acid transfers proton to the nitrogen atom of the piperazine moiety in CPF, thereby forming a salicylate anion and CPF cation. [22] . The piperazinium moiety in CPF adopts chair conformation. The CPF aromatic molecular core is -stacked infinitely along the crystallographic -axis at 3.58Å distance. The CPF cations reside in the -plane and the salicylate anions are perpendicular to it (along theaxis). The molecular packing of the crystal is also stabilized by C-H⋅ ⋅ ⋅ F interactions. The overall crystal packing of the molecular salt is shown in Figure 3 . Selected bond lengths, bond angles, torsion angles, and possible hydrogen bonding interactions are given in Table 2 . FT-IR spectroscopy is a widely used technique in the characterization of the formation of new solid phases. The infrared peaks of the -COOH group of CPF resonate at 1696 and 1262 cm −1 due to C=O and C-O stretch, respectively. The broad peak at 2424 cm −1 is attributed to the protonated piperazine nitrogen atom (NH 2 + ) [23] . Moreover, the appearance of two characteristic carboxylate IR absorption vibrations at 1574 and 1337 cm −1 due to asymmetric and symmetric O-C-O stretch, respectively, confirmed the proton transfer from the -COOH group in SA.
The 3D Hirshfeld surfaces and 2D fingerprint maps are unique for each molecule in the asymmetric unit of a given crystal. Hirshfeld surfaces provide a three-dimensional picture of intermolecular interactions in a crystal [24] . Journal of Crystallography bonding intermolecular interactions appear as two small spikes (upper left spike is sharp and lower right spike is broad) in the 2D fingerprint map, which have the most significant contribution to the total Hirshfeld surfaces of 1, comprised of 36.6%. The H-H interactions, which appeared in the middle of scattered points in the 2D fingerprint map, are comprised of 34.0% of the total Hirshfeld surfaces. The C-H⋅ ⋅ ⋅ F interactions also have a relatively significant contribution to the 
Conclusions
To summarize, we have reported synthesis, X-ray crystal structure analysis, and the Hirshfeld surfaces analyses of ciprofloxacin-salicylic acid molecular salt. The formation of the molecular salt was further characterized and confirmed by FT-IR analysis. The crystal structure of the salt is mainly 
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